IL-37 is a fundamental inhibitor of innate immunity. Human IL-37 has a caspase-1 cleavage site and translocates to the nucleus upon LPS stimulation. Here, we investigated whether caspase-1 processing affects IL-37-mediated suppression of LPS-induced cytokines and the release from cells by analyzing a caspase-1 cleavage site mutant IL-37 (IL-37D20A). Nuclear translocation of IL-37D20A is significantly impaired compared with WT IL-37 in transfected cells. LPS-induced IL-6 was decreased in cells expressing WT IL-37 but not IL-37D20A. The function of IL-37 in transfected bone marrowderived macrophages is nucleotide-binding oligomerization domain-like receptor family, pyrin domain containing 3 (NLRP3) inflammasome-dependent, because IL-37 transfection in apoptosis-associated speck-like protein containing a carboxyl-terminal caspase recruitment domain-and NLRP3-deficient cells does not reduce levels of IL-6 and IL-1β upon LPS stimulation. IL-37-expressing macrophages release both precursor and mature IL-37, but only the externalization of mature IL-37 was dependent on ATP. Precursor and mature IL-37 was also secreted from human dendritic cells and peripheral blood mononuclear cells. To determine whether IL-37 is active in the extracellular compartment, we pretreated IL-37 transgenic mice with IL-37-neutralizing antibodies before LPS challenge. In IL-37-expressing mice, neutralizing IL-37 antibodies reversed the suppression of LPS-induced serum IL-6. In contrast, the addition of neutralizing antibody did not reverse suppression of LPS-induced IL-6 in mouse macrophages transfected with IL-37. Although caspase-1 is required for nuclear translocation of intracellular IL-37 and for secretion of mature IL-37, the release of the IL-37 precursor is independent of caspase-1 activation. IL-37 now emerges as a dual-function cytokine with intra-and extracellular properties for suppressing innate inflammation. W ith the exception of the IL-1 receptor antagonist, members of the IL-1 family are first synthesized as precursor molecules containing a propeptide domain lacking a classical signal sequence (1). Caspase-1 has emerged as the main intracellular processing enzyme responsible for maturation of active IL-1β and IL-18, which are then released into the extracellular space, as shown for IL-1β and IL-18 (2, 3). The IL-1 family member IL-37 is also synthesized as a precursor and is processed to its mature form upon LPS treatment (4, 5). Caspase-1 seems to be the main enzyme responsible for the in vitro maturation of IL-37 in comparison to caspase-4 and granzyme B (4). A putative cleavage site for caspase-1 is located in exon 1 between residues D20 and E21 of IL-37 (4). HEK 293 or CHO cells transfected with the IL-37 precursor release IL-37 starting at amino acid V46, suggesting a second cleavage site in the sequence encoded by exon 2 (6). We previously demonstrated that processing of IL-37 is only partially inhibited by caspase-1 inhibitors, indicating that caspase-1 is not the only enzyme responsible for the processing of IL-37 (5).
W ith the exception of the IL-1 receptor antagonist, members of the IL-1 family are first synthesized as precursor molecules containing a propeptide domain lacking a classical signal sequence (1) . Caspase-1 has emerged as the main intracellular processing enzyme responsible for maturation of active IL-1β and IL-18, which are then released into the extracellular space, as shown for IL-1β and IL-18 (2, 3) . The IL-1 family member IL-37 is also synthesized as a precursor and is processed to its mature form upon LPS treatment (4, 5) . Caspase-1 seems to be the main enzyme responsible for the in vitro maturation of IL-37 in comparison to caspase-4 and granzyme B (4) . A putative cleavage site for caspase-1 is located in exon 1 between residues D20 and E21 of IL-37 (4) . HEK 293 or CHO cells transfected with the IL-37 precursor release IL-37 starting at amino acid V46, suggesting a second cleavage site in the sequence encoded by exon 2 (6) . We previously demonstrated that processing of IL-37 is only partially inhibited by caspase-1 inhibitors, indicating that caspase-1 is not the only enzyme responsible for the processing of IL-37 (5).
In our previous study, we showed that transgenic expression of human IL-37 in a mouse macrophage line significantly suppressed the production of proinflammatory cytokines and chemokines (5) . Furthermore, we reported that IL-37 has significant antiinflammatory effects in an in vivo model of septic shock and dextran sulfate sodium salt-induced colitis (7, 8) . Here, we investigate the role of caspase-1 processing on the cytokine-suppressing function of IL-37. We introduced a point mutation into the caspase-1 cleavage site in the IL-37 gene by site-directed mutagenesis and expressed mutant IL-37 in RAW264.7 (RAW) mouse macrophages. In addition, we studied the release of IL-37 from human peripheral blood mononuclear cells (PBMCs) and dendritic cells (DCs). The data indicate that the precursor and mature forms of IL-37 are secreted from activated cells upon inflammasome activation and that caspase-1 processing of IL-37 is important for its anti-inflammatory activity in vitro and in vivo.
Results
Mutation of Caspase-1 Cleavage Site Reduces Processing of IL-37. We predicted a caspase-1 cleavage site in IL-37 between residues D20 and E21 of exon 1 and generated a mutant form of IL-37 by site-directed mutagenesis of aspartic acid at position 20 (D) to alanine (IL-37D20A). RAW cells were transfected with the mutant IL-37 inserted into pTarget expression plasmid. Respective single-cell clones were generated expressing either WT IL-37 or IL-37D20A and stimulated with LPS. As shown in Fig. 1A , cells Significance IL-37 exerts broad inhibitory properties on the innate inflammatory and acquired immune responses. We mutated the caspase-1 site in IL-37 and show that caspase-1 processing is required for maturation of the intracellular IL-37 precursor for its translocation to the nucleus. Because nuclear translocation of IL-37 is required for the suppression of LPS-induced IL-6, the data define a unique consequence for caspase-1 inhibition, that is, reversal of the anti-inflammatory activities of endogenous IL-37. In addition, neutralizing antibodies reverse the suppression of LPS-induced IL-6 in IL-37 transgenic mice, supporting a role for extracellular signaling by IL-37. Thus, similar to IL-1α and IL-33, IL-37 now emerges as a dual-function cytokine with both intra-and extracellular mechanisms of action.
expressing the WT IL-37 contain mostly the precursor form, but upon LPS stimulation, the mature form is detectable; however, the mature form is markedly reduced in cells expressing the IL-37D20A mutant. We also expressed WT IL-37 and IL-37D20A in the p-enhanced CFP-C1 vector with CFP attached to the N terminus of IL-37, allowing a better size separation of pro-and mature IL-37 on SDS/PAGE. We depicted similar data with decreased expression of mature IL-37 following LPS stimulation in the cells expressing IL-37D20A (Fig. 1B) .
Nuclear Translocation and Anti-Inflammatory Function of IL-37
Compared with IL-37D20A. Because nuclear translocation of IL-37 is inhibited by caspase-1 inhibition (5), we investigated whether nuclear translocation is reduced in IL-37D20A-transfected cells. We used two different methods, cell fractionation and confocal microscopy. Fig. 2A shows that only nuclear extracts from RAW cells expressing WT IL-37 contain IL-37, whereas upon stimulation with LPS, there is increased synthesis of IL-37 but nuclear extracts from cells expressing IL-37D20A reveal almost no detectable IL-37. We next examined nuclear translocation using confocal microscopy and IL-37 that contained YFP at the carboxyl terminus by the use of p-enhanced YFP (pEYFP)-N1 expression plasmid (IL-37-YFP). As shown in Fig. 2B , whereas WT IL-37 translocates to the nucleus of transfected RAW cells upon LPS treatment (Fig. 2B, Left) , mutated IL-37D20A is restricted to the cytoplasm (Fig. 2B, Right) .
Next, we examined whether the suppression of LPS-induced IL-6 by cells expressing IL-37 is impaired by the mutation of the caspase-1 site. As expected, levels of IL-6 were reduced by 70% in cells expressing WT IL-37 compared with LPS-stimulated mock-transfected cells. In contrast, there was no suppression of IL-6 in cells expressing the mutant IL-37D20A (Fig. 2C) . Abrogates the Anti-Inflammatory Property of IL-37. Caspase-1 can be activated via the nucleotide-binding oligomerization domain-like receptor family, pyrin domain-containing 3 (NLRP3) inflammasome. To study the caspase-1-dependent functionality of IL-37 in greater detail, we investigated whether the integrity of the NLRP3 inflammasome is required for the suppression of LPS-induced IL-6 and IL-1β in cells transfected with IL-37. We transfected immortalized bone marrow-derived macrophages from WT mice, apoptosis-associated speck-like protein containing a carboxyterminal caspase recruitment domain (ASC)-deficient mice, and NLRP3-deficient mice [generated as described by Hornung (9) ] with an IL-37 expression or empty control plasmid and stimulated the cells with LPS or vehicle. Costimulation of cells by the transfection procedure followed by LPS administration was sufficient to activate the inflammasome. As expected, WT cells expressing nonmutated WT IL-37 released significantly reduced levels of IL-6 and IL-1β compared with cells transfected with the control vector (Fig. 3A) . In ASC-and NLRP3-deficient macrophages, there was no suppression of LPS-induced IL-6 and IL-1β by IL-37 ( Fig. 3 B and C) . There was no detectable IL-1β in the vehicle-treated cells.
Release of IL-37 from RAW Macrophages, PBMCs, and DCs. The mechanism of IL-37 externalization remains unresolved. ATPdependent release and maturation upon activation of the NLRP3 inflammasome and caspase-1 cleavage are described well for the precursor forms of IL-1β and IL-18 (10, 11). We (100 ng/mL) were subjected to Western blotting with monoclonal mouse anti-human IL-37. IL-37 in the nuclear extract is the mature form, which is running at a slightly higher molecular weight on the gel due to nucleic acid contamination in the nuclear protein sample. (B) Subcellular distribution of IL-37 and IL-37D20A as a fusion protein with a carboxyl-terminal tag 18 h after LPS stimulation (100 ng/mL) in transfected RAW cells. Red indicates nuclear staining, and green indicates IL-37 staining. One of three representative experiments performed is shown (Magnification: 100×). (C ) Two single-cell clones of stable RAW transfectants expressing IL-37D20A (1, 2), one clone expressing WT IL-37, and one mock-transfected clone were stimulated with LPS (100 ng/mL) for 18 h. Mean ± SEM. IL-6 levels in supernatants of stimulated cells of four independent experiments are shown. ***P < 0.001 for mock-transfected vs. IL-37-transfected cells. n.s., not significant. therefore investigated whether this mechanism also accounts for the release of IL-37. As depicted in Fig. 4A , precursor IL-37 is released into the supernatant of transfected RAW cells after LPS stimulation and 5-10 min of exposure to ATP. Release of mature IL-37 occurred only upon prolonged exposure to ATP for 15-20 min and was markedly reduced by a pan-caspase inhibitor. Similar to transfected RAW cells, human PBMCs also release IL-37 upon stimulation with LPS and ATP (Fig. 4B ). In addition, Fig. 4C shows the presence of IL-37 in lysates of human DCs even in the absence of exogenous stimulation. However, upon stimulation with agonist antibodies against CD94, HLA-I, and intercellular adhesion molecule 1, there was induced secretion of both pro-and mature IL-37.
Natural Killer Cell/DC Interaction Induces IL-37 Clustering to the Immunological Synapse. IL-37 might be released directly into the immunological synapse, in which case the cytokine acts in an autocrine or paracrine manner via receptors in close proximity to the source of the cytokine. We therefore analyzed the subcellular distribution of IL-37 in DCs in an established coculture with autologous natural killer (NK) cells (12) . Fig. 5 (Upper and Lower) displays intense cytoplasmic staining for IL-37 of a DC interacting with several NK cells in two focus layers. IL-37 staining in the DC polarizes in the direction of the NK cells at the focus layer corresponding to the immunological synapse.
Antibodies to Human IL-37 Reverse the Suppression of LPS-Induced IL-6 in Vitro and During Endotoxemia in Vivo. Because both mature IL-37 and the IL-37 precursor are released from activated cells, we asked whether IL-37 in the extracellular space suppresses cytokine production. First, we determined whether monoclonal anti-IL-37 neutralized recombinant IL-37 and prevented the reduction in IL-6 from LPS-stimulated human M1 macrophages in vitro. As shown in Fig. 6A , M1 macrophages pretreated with recombinant IL-37 and then stimulated with LPS released less IL-6 compared with M1 cells pretreated with vehicle (zero line). This reduction was not observed when recombinant IL-37 was first mixed with the monoclonal anti-IL-37 and then (9) were transfected with an IL-37 expression vector or an empty vector for control and then stimulated with LPS (100 ng/mL) or vehicle for 24 h. Mean ± SEM abundance of IL-6 and IL-1β (ratio of cytokines per milligram of protein of cell lysates) in the supernatants is shown (n = 5). *P < 0.05 and **P < 0.01 for empty vector vs. IL-37 expression plasmid. added to the M1 macrophages. In fact, neutralization of the recombinant IL-37 actually resulted in significantly more IL-6 after LPS stimulation compared with IL-37 mixed with a control isotype antibody. This increase suggests that the anti-IL-37 neutralizes the recombinant IL-37 but may also neutralize the endogenous IL-37 produced by M1 macrophages. Neutralization of endogenous IL-37 is consistent with the report that IL-37 depletion in human PBMCs results in increased LPS and IL-1β-induced cytokines (8) .
To test the hypothesis that IL-37 released in IL-37 transgenic (IL-37tg) mice during endotoxemia is active in suppressing cytokine production, we pretreated IL-37tg mice with the monoclonal anti-IL-37 before administration of LPS. As shown in Fig.  6B , plasma levels of IL-6 increased compared with the effect of a control mouse isotype antibody. We repeated this experiment by pretreating IL-37tg mice with an affinity-purified goat antibody against human IL-37 before LPS. Pretreatment with anti-IL-37 resulted in a small increase in the level of circulating IL-6 compared with a control IgG in WT C57BL/6 mice (Fig. 6C) . In contrast, there was a threefold increase in serum IL-6 after LPS in IL-37tg mice that received anti-IL-37 compared with control IgG (Fig. 6C) .
Overexpression of IL-37 in either human macrophages or mouse RAW cells reduces in vitro cytokine production in response to LPS (5, 8) . We therefore asked whether anti-IL-37 prevented this reduction in IL-37-transfected RAW cells. As shown in Fig. S1 , the affinity-purified goat anti-IL-37 did not affect the suppression of LPS-induced IL-6 in IL-37-expressing RAW cells. These data indicate that the primary anti-inflammatory effect of IL-37 in transfected RAW macrophages is via nuclear translocation and is independent of extracellular IL-37. Discussion IL-37 reduces disease severity in a broad spectrum of innate responses by preventing excessive inflammation. To date, the data supporting the anti-inflammatory properties of IL-37 are derived from cells transfected with the precursor form of the human gene, a knockdown of endogenous IL-37 in primary human cells, and from studies using a strain of mice expressing human precursor IL-37 or mice injected with recombinant human IL-37 (1, 5, 8, 13) . Similar to IL-18 and IL-1β, the precursor form of IL-37 contains a predicted caspase-1 cleavage site for processing into a mature cytokine (4). However, the functional relevance of processing by the caspase-1 site in the IL-37 precursor remains unknown. Therefore, we generated a mutant form of IL-37 by introducing a point mutation at the cleavage site for caspase-1, which is located on exon 1 between residues D20 and E21. This caspase-1 cleavage site generates an N terminus exactly nine amino acids upstream from the IL-1 family consensus sequence (A-X-D), as shown for IL-1β and IL-18 (14, 15) .
As expected, RAW cells transfected with mutated IL-37D20A express less mature IL-37 compared with cells expressing WT IL-37. However, there was no complete inhibition of IL-37 maturation in IL-37D20A-expressing cells, indicating that alternative caspase-1 cleavage sites or additional proteases may be involved in the processing of IL-37 (4). We previously reported that a caspase-1 (A) Human M1 macrophages were incubated with recombinant precursor IL-37 (1 ng/mL) premixed with 50 ng/mL mAb or the isotype control IgG for 1 h at room temperature and then added to the cells. After 2 h, LPS (10 ng/mL) was added, and supernatant IL-6 was determined after 24 h of incubation. Mean ± SEM percentage of change in IL-6 abundance is depicted. **P < 0.01 for IL-37 vs. IL-37 plus blocking antibody. (B) IL-37 transgenic mice were injected with the mAb against IL-37 or control IgG2B (100 μg) 3 h before LPS injection (100 μg per mouse, n = 5 mice per group). Mean ± SEM serum levels of IL-6 after 4 h of LPS treatment are shown. *P < 0.05 for IL-37 mAb vs. control IgG. (C) IL-37 transgenic and WT C57/Bl6 mice were injected with preimmune goat IgG (control) or polyclonal anti-IL-37 (200 μg) 3 h before LPS injection (100 μg per mouse, n = 3 mice per group). IL-6 was measured in sera after 4 h of LPS treatment. Data are expressed as fold increases of IL-6 (mean ± SEM) in mice treated with anti-IL-37 vs. control IgG. **P < 0.01 for C57/Bl6 vs. IL-37tg mice.
inhibitor reduced the nuclear translocation of an IL-37-carboxyl terminal YFP fusion protein into transfected RAW cells (5) . Here, we demonstrate that nuclear translocation is also reduced in RAW cells transfected with IL-37D20A. This observation underlines the essential role of a caspase-1-dependent cleavage step for nuclear entry of IL-37.
We next investigated whether mutant IL-37D20A retains its ability to reduce LPS-induced IL-6, as does WT IL-37 (5, 8) . Indeed, levels of LPS-induced IL-6 were significantly increased in RAW-IL-37D20A cells compared with WT IL-37-expressing cells. These data support the concept that caspase-1 processing at position D20 activates IL-37 for its anti-inflammatory function in transfected cells. Caspase-1 is the effector molecule of the NLRP3 inflammasome required for processing the inactive precursors of IL-1β and IL-18 into biologically active cytokines (16) . The net effect of caspase-1 during the response to infection depends on the presence of the IL-1β and IL-18 precursors as the substrate for the caspase-1 in cells at the site of inflammation (17) . As such, if the biological effect of IL-37 is dependent on caspase-1 for its ability to suppress LPS-induced cytokines, bone marrow-derived macrophages deficient in the inflammasome components ASC and NLRP3 (9) would then exhibit no decreased response to LPS. Similar to IL-37-transfected RAW cells, production of IL-6 and IL-1β after LPS stimulation was significantly reduced in WT bone marrow-derived macrophages expressing IL-37 compared with mock-transfected controls. In contrast, IL-37 transfection into bone marrow-derived macrophages isolated from ASC-and NLRP3-deficient mice did not result in reduced LPS-induced IL-6 and IL-1β in the culture supernatants. These data indicate that activation of caspase-1 by the inflammasome is required for IL-37 to exert its cytokinesuppressing functions in macrophages.
Some RAW cells do not express a fully functional inflammasome because they lack ASC, whereas others have demonstrated caspase-1-dependent activation and release of IL-1β in stimulated RAW cells (18) (19) (20) . Similarly, caspase-1 was also active in RAW cells used for this study, generating mature IL-37. Interestingly, processing of IL-37 was also shown in adenovirustransduced IL-37-expressing 293 cells, which also do not express all components of the NLPR3 inflammasome (4, 6) .
When NLRP3 activation in macrophages is induced by LPS, peptidoglycans, or bacterial nucleic acids, mature IL-1β is released upon exposure to ATP (21) . In the absence of ATP, macrophages stimulated with LPS synthesize large quantities of the IL-1β precursor but only process and release less than 20% of the mature cytokine into cell culture supernatants (22, 23) . Here, we show that ATP also induces the secretion of mature IL-37 from RAW-IL-37 cells and PBMCs. The release of mature IL-37 is dependent on caspase activity, because treatment with a pancaspase inhibitor prevented nearly all externalization of mature IL-37 in transfected RAW cells. In contrast, the release of precursor IL-37 after ATP treatment is independent of caspase-1, because there was no reduction by a pan-caspase inhibitor. This is of particular interest because the recombinant IL-37 precursor is functional in suppressing LPS-induced IL-6 (Fig. 6A) .
DCs are key effector cells of the early immune response and produce IL-1β and IL-18 (12) . We reported that activation of DCs is down-regulated in IL-37tg mice after LPS challenge (8) , and therefore hypothesized that IL-37 is expressed in and released from human DCs. Indeed, we detected both precursor and mature IL-37 in cell lysates of activated DCs. Secretion of IL-37 from DCs was stimulated by agonist antibodies, whereas resting DCs did not release IL-37. Similar to RAW-IL-37 cells, precursor and mature forms of IL-37 were detected in the supernatant of stimulated DCs, indicating that both caspase-1-independent release of precursor IL-37 and caspase-1-dependent secretion of mature IL-37 are physiological events in transfected and primary human cells. Immunofluorescence microscopy showed that IL-37 polarizes toward the immunological synapse after interaction with NK cells. The action of cytokines and chemokines released to the cell-cell interaction site is well established in NK cells and DCs (24) . We therefore propose that membrane-bound or released IL-37 also interacts with cellular receptors at the immunological synapse in an intra-or paracrine fashion to modulate the immune response.
It is not fully understood whether intracellular IL-37 or secreted IL-37 mediates the reduction in inflammation in IL-37tg mice (8) . An indication for the extracellular functionality of IL-37 was reported by Sakai et al. (13) , showing that a recombinant IL-37a isoform with an N terminus at E-16 is protective in a mouse model of liver ischemia/reperfusion. To confirm that extracellular IL-37 is functional in vivo, we treated WT and IL-37tg mice with monoclonal or polyclonal neutralizing antibodies against IL-37 before LPS challenge. Both antibodies were raised against the IL-37a isoform. The polyclonal anti-IL-37 specifically stained recombinant IL-37b protein on Western blotting (Fig. S2) . We first determined whether the monoclonal anti-IL-37 neutralized the recombinant IL-37 precursor by reversing IL-37-mediated suppression of LPS-induced IL-6 by M1 macrophages (Fig. 6A) . Second, in IL-37tg mice, the mAb against IL-37, as well as a polyclonal anti-IL-37, also abrogated the protective effect of IL-37 in a model of LPS-induced endotoxemia. Because there was no effect of IL-37 antibodies on the LPS response in WT mice, these studies demonstrate that the antibodies are specific for neutralizing extracellular IL-37 in inflammation. Although these findings indicate that IL-37tg mice release biologically active IL-37, we cannot discriminate whether extracellular IL-37 released in vivo is the precursor or a postcaspase-1-cleaved mature cytokine. We have observed that the precursor form of IL-37, as well as the mature cytokine, is active in suppressing LPS-induced IL-1β, IL-6, and TNF-α from M1 macrophages in vitro (25) .
A candidate receptor for extracellular IL-37 is the IL-18 receptor α (IL-18Rα) (4, 6, 26) . However, despite binding to the IL-18Rα, we, as well as others, could not demonstrate that IL-37 functions as a receptor antagonist for IL-18 (4, 27) . Instead, it is likely that once IL-37 binds to IL-18Rα, an anti-inflammatory coreceptor, such as single Ig IL-1-related receptor/IL-1R8 (26) , is recruited (Fig. 7) . Although anti-IL-37 enhanced the LPSinduced systemic inflammation in IL-37tg mice, the neutralizing antibody did not alter the IL-6 response in LPS-stimulated IL-37-expressing RAW cells. This observation is consistent with a predominant intracellular function of IL-37 in transfected RAW cells through binding to Smad3 and translocation to the nucleus, as we previously described (8) (Fig. 7) .
In summary, we show here that caspase-1 processing is required for maturation of the intracellular IL-37 precursor and for the translocation of the cytokine to the nucleus. Caspase-1 is also required for the secretion of mature IL-37. In contrast, the release of the IL-37 precursor from LPS-stimulated macrophages is independent of caspase-1 activation. IL-37 is not active in cells Fig. 7 . IL-37 mechanism of action as a dual-function cytokine.
from ASC-and NLRP3-deficient mice, indicating that the function of IL-37 is NLRP3 inflammasome-dependent. In vivo, we observed that IL-37 is biologically active when released into the extracellular space, because neutralizing antibodies reversed the anti-inflammatory properties in IL-37tg mice. Thus, IL-37 emerges as a dual-function cytokine with intracellular and extracellular mechanisms of action.
Materials and Methods
Reagents. LPS (Escherichia coli 055:B59) was purchased from Sigma. The pancaspase inhibitor Z-VAD-(OMe)-FMK was purchased from R&D Systems. Cytokine determinations were made with an ELISA purchased from R&D Systems.
Mutation of Caspase-1 Cleavage Site in IL-37. Using the most abundant isoform b of IL-37, we generated the IL-37D20A mutant by site-directed mutagenesis as detailed in SI Materials and Methods.
Generation of Stable RAW Cells. RAW cells were transfected with IL-37D20A and IL-37D20A-YFP or CFP-IL-37D20A fusion constructs (SI Materials and Methods) and subcloned by limiting dilution. Mock-transfected RAW cells were generated as described (28) .
LPS Stimulation of Transfected RAW Cells, PBMCs, and M1 Macrophages. Stable transfectants of RAW cells expressing IL-37 and mock-transfected cells were stimulated with LPS as previously described (10, 11) . Details on cell fractionation and nuclear extraction are described in SI Materials and Methods. M1 macrophages were differentiated from human PBMCs as described in SI Materials and Methods.
Generation and Immunofluorescence Analysis of Activated DCs and NK Cells. NK cells were isolated from PBMCs from healthy donors as described elsewhere (12) . DCs were generated from monocytes isolated from PBMCs as described previously and in detail in SI Materials and Methods.
Transfection of IL-37 into ASC-and NLRP3-Deficient Macrophages. Immortalized WT, ASC-deficient, and NLRP3-deficient bone marrow macrophages were the generous gift of Eicke Latz (Institute of Innate Immunity, Bonn, Germany) (9, 29) . IL-37b in pIRES vector (BD Clontech) (8) and pIRES without insert were used for transfection. Cells were transfected using an Amaxa Nucleofector Kit V and Program X-001 (Lonza AG). After transfection, cells were transferred to 24-well plates (25,000 cells per well) and allowed an overnight rest period in DMEM supplemented with 10% (vol/vol) FCS and 1% penicillin/streptomycin. On the next day, the medium was replaced with reduced serum (1%) DMEM and the cells were stimulated with either vehicle or LPS (10 ng/mL; E. coli 055:B5). At the end of each experiment, supernatants were taken and cells were lysed in lysis buffer and stored at −80°C.
Animals. Animal protocols were approved by the review board of the Federal Government of Bavaria, Gemany (Az. 55.2.1.54-2532-77-11). Control male C57/BL6 mice were purchased from Janvier (France). Transgenic C57/BL6 mice expressing the human IL-37 precursor (IL-37tg) have been described previously (8) .
Serum Levels of IL-6 Following LPS Injected in Mice. Eight-wk-old male IL-37tg mice and male WT C57/Bl6 mice were injected i.p. with a mAb against IL-37 (R&D Systems), affinity-purified goat anti-IL-37 (R&D Systems), or control goat IgG (R&D Systems). After 2 h, mice received 100 μg of LPS i.p., and after 4 h and 18 h, blood was collected and serum IL-6 was determined by ELISA (BD Biosciences).
Western Blotting. Cell lysates were subjected to SDS/PAGE under reducing conditions. For detection of IL-37 protein, mAb against IL-37 was used. Details of Western blotting are described in SI Materials and Methods.
Confocal Microscopy. RAW cells transfected with pEYFP-N1-IL-37 fusion construct were analyzed using a confocal laser scanning microscope (LSM510Meta; Carl Zeiss) as described (5) .
